The main objective of this work is to trace and measure the activity of natural radionuclides 226 
Introduction
All minerals and raw materials contain radionuclides of natural origin. The most important, for the purposes of radiation protection, are the radionuclides in the 235 U (T 1/2 =7.04×108 y), 238 U (T 1/2 =4.47×109 y), 232 Th (T 1/2 =1.4×1010 y) decay chains as well as singly occurring types such as 40 K (T 1/2 =1.28×109 y). The most important sources of external and internal exposure are the gamma radiation and alpha particles emitted from the radionuclides of the uranium ( 238 U) series, thorium ( 232 Th) series and 40 K present within phosphate rocks. External exposure occurs directly by -rays, whereas internal exposure to α-particles arises from the inhalation of radon and its progenies. Consequently, the α-particle dose is delivered directly to the bronchial tissue, creating a potential for radiogenic lung cancer [1] [2] . Radionuclides in soil are usually transferred to different plant tissues by direct transfer via the root system, or fallout of radionuclides and resuspension of contaminated soil followed by deposition on plant leaves [3] . The soil-to-plant transfer factor (TF) is regarded as one of the most important parameters used in environmental safety assessment to estimate the amount of radioactivity that could be present in agricultural crops and estimating dose impact to human body [4] [5] . The direct contamination of terrestrial vegetation refers to the deposition of radioactive materials from the atmosphere onto the above ground plant parts [6] . Indirect contamination refers to the absorption of radionuclides from the soil by the root system of plants [7] . Therefore, it is necessary to determine the activity concentration of radionuclides in vegetables that are highly consumed by the Egyptians either as fresh or cooked food. Jew's-mallow is extremely a popular national Egyptian food. The present study aims to determine the activity concentrations of radionuclides ( 226 Ra, Table ( 1). The physical properties were determined according to Klute[8] and chemical properties based on the method reported by Page [9] . The set-up consists of 27 pots (PE) packed with 6 kg of sandy loam soil.
Materials and Method

Fertilization treatments
Eight mixed treatments of commercial fertilizers have been used in addition to unfertilized control (T0) ( Irrigation water was applied based on the gravimetric method. Determination of the initial soil moisture and field capacity were done to compensate the loss of water by evapotranspiration. Gravimetric (weight-based) methods that rely on measuring the loss of water from the containers are common techniques for determining when and how much to irrigate [10-11-12] .
Experimental methods
Sample preparation
Soil samples were air dried. For maximum moisture removal, all samples were then dried at 110 o C in a microprocessor-controlled furnace for about 24h. The fertilizers samples were crushed to fine powder forms and sieved through a 1mm mesh size to remove the larger grain sizes and making them more homogenous. Then, the samples were dried in a temperature controlled furnace at 110 o C for 24h to ensure that moisture was completely removed. Jew's-mallow samples were washed, peeled when necessary, and dried in air. After that, they were oven dried at 80 o C for approximately 16h [13] .
The dried samples of soil, fertilizer and Jew'smallow were packed and sealed in plastic containers, i.e., normal cylindrical plastic containers (6cm diameter and 8cm height) made from polyethylene. Then the samples were left for 4 weeks before the measurements in order to get the secular equilibrium to achieve radioactive secular equilibrium between radioactive materials and daughter nuclei [14] .
Radioactivity measurements
The activity concentration of natural radionuclides in soil, fertilizers and Jew's mallow were measured in the laboratories of Department of Radiation Protection and Civil Defense, Nuclear Research Center, Atomic Energy Authority, Egypt using high purity germanium (HPGe) semiconductor detector, type CANBERRA (HPGe) detector of relative efficiency 50% coupled to a 4096 channel analyzer. The outstanding advantage of the HPGe detector is its ability to measure gamma radiation directly from the original sample without the need for chemical separation and high resolving power.
Transfer factors
Radionuclides in soils are usually transferred to different plant tissues by direct transfer via the root system, as well as radionuclide fallout and resuspension of contaminated soil followed by deposition on plant leaves [15] . In Equation (1) . Th, while the lowest annual effective dose due to ingestion of Jew's-mallow appears in T5 (7.89 µSv y -1 ).
Results
Concentrations of natural radionuclides in fertilizer
Excess lifetime cancer risk form Jew's-mallow
As seen in Table ( 8) , the range of all ELCR values is between 0.025x10 -3 -0.069x10 -3 . The calculated average value of ELCR for all samples is lower than the world average of 0.29 x10 -3 [24] . Thus, indication of the possibility of developing cancer cases among individuals can be neglected. [5] however the TF from soil to Jew's mallow crops has been studied in many countries and found a significant difference in values [36-5-37] .
Conclusion
The activity concentrations of natural radionuclide 226Ra, 238U, 232Th and 40K as affected by fertilization treatments of sandy loam soil, Jew'smallow and six chemical fertilizers have been measured using high purity germanium (HPGe). These values have been compared with the worldwide reported data. The average concentrations of natural radionuclide in soil sample are below recommended level. Both the highest and the lowest values present in chemical fertilizers were found in the Jew's-mallow plant. On the other hand, the activity concentration of radionuclide in Jew's-mallow plants was higher than recommended value except 40K is below. The effective dose due to ingestion of Jew's-mallow plants varied from 7.89 -21.5µSv y-1 which indicated that the use of fertilizer was not effective on the level of radionuclide in Jew's-mallow plants and the possibility of developing cancer cases among individuals is neglected. In other words, the Jew's-mallow is radiological safe and be acceptable for human consumption. India 79 28 1042 [27] Germany 520 15 720
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